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A cell line (DF-1\J) expressing the envelope protein isolated from the ADOL-Hc1 strain of the avian leukosis virus subgroup
J (ALV-J) was used to analyze receptor interference to six different isolates of ALV-J as well as ALV subgroups A–D. The
traditional gag-specific enzyme-linked immunosorbent assay (ELISA) as well as flow cytometry was used to evaluate viral
infection. The parental cell line (DF-1) was susceptible to all ALV subgroups tested while the DF-1\J cell line was selectively
resistant to the subgroup J isolates. The DF-1\J cell line was resistant to infection by all six ALV-J isolates as determined using
the gag-specific ELISA. There was no interference with the other ALV subgroups (A–D) induced by the expression of the
ADOL-Hcl envelope. The ALV-J isolates used in this analysis are serologically distinct when analyzed by flow cytometry.
Convalescent sera to ADOL-Hcl cross-reacts with all of the ALV-J isolates tested; however, sera to HPRS-103 did not bind
to four of the six isolates. Based on the intensity and differential binding of these antisera using flow cytometry, the six ALV-J
isolates used can be grouped into four categories. Thus the DF-1\J cell line is resistant to infection by a serologically and
genetically diverse group of ALV-J isolates and should be useful as a diagnostic tool. © 1999 Academic Press
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AINTRODUCTION
The avian leukosis viruses (ALVs) are a genetically
nd antigenically diverse group of retroviruses with the
bility to induce various neoplasms in adult chickens.
he exogenous ALV isolates from chickens are classified
nto A, B, C, D, and J subgroups. Subgroup E represents
ndogenous (germ line) ALVs that are commonly found
n many commercial lines of poultry. ALV-A, B, and J
epresent the most common exogenous subgroups iso-
ated from commercial broiler chickens. However, the
merging subgroup J virus is responsible for the bulk of
umors induced by ALV in meat-type chickens. The sub-
roup J virus is unique not only for its ability to induce
yeloid leukosis but also for its broad host range (Payne
t al., 1991a,b; 1992a) when compared to subgroups A, B,
nd E. The host range of subgroups A through E is more
estricted and there are lines of chickens that possess
enetic resistance to one or more of these subgroups
Crittenden et al., 1967; Payne and Biggs, 1964; Vogt and
shizaki, 1965). These chicken lines provide selectively
esistant chick embryo fibroblasts (CEFs), which are
sed to classify the different ALVs present in field sam-
les. The emergence of ALV-J with its broad host range
nd lack of genetically resistant chicken lines compli-
ates the classification of field samples (Bai et al.,
995a). Currently, definitive classification schemes em-
1 To whom reprint requests should be addressed. Fax: (517) 337-
a776. E-mail: hunthd@pilot.msu.edu.
205loy A and E (C/AE)-resistant CEFs (Crittenden and
alter, 1992) to eliminate subgroups A and E from the
ample (Fadly and Smith, 1997). The resulting virus is
hen analyzed by serum neutralization, receptor interfer-
nce, or PCR to confirm the J subtype (Bai et al., 1995b;
adly and Smith, 1999; Smith, et al., 1998). Only a small
umber of field samples from leukosis outbreaks are
ubjected to this rigorous classification scheme due to
he labor-intensive nature of the assays involved. Since
ew leukosis outbreaks are rigorously analyzed to iden-
ify the different subgroups involved, it is not clear
hether combinations of different subgroups or perhaps
ewly emerging subgroups are factors in the disease
rocess.
The receptor interference assay is the most reliable
ethod used to classify ALVs but it also requires special
eagents and is labor intensive. Receptor interference
akes advantage of the virus’ natural ability to block
imilar viruses from entering the infected cell. The virus
ains entry into the cell through the interaction of the
iral envelope with a specific cell surface receptor.
hortly after the virus has gained entry, it begins to
roduce viral proteins. As the envelope protein is pro-
uced, it saturates the cell surface receptor and blocks
uperinfection of viruses in the same subgroup (Crit-
enden, 1991). Currently, receptor interference assays
nvolve the use of avian sarcoma virus (ASV)
seudotypes (ASV-A through E and J). Unlike ALV, the
SV viruses induce visible foci on a lawn of CEFs (Steck
nd Rubin, 1996a,b). If the ALV sample in question blocks
0042-6822/99 $30.00
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206 HUNT ET AL.SV-J foci formation, then it is assumed that the original
ample contained ALV-J virus (Bai et al., 1995a; Fadly and
mith, 1999; Payne et al., 1992b).
Receptor interference is a valuable method for sub-
rouping ALV isolates but the current methods are not
uitable for routine, large-scale screening of field sam-
les. In an attempt to overcome the lack of genetically
esistant lines to ALV-J and the complexity of standard
eceptor interference assays, we have developed a cell
ine genetically engineered to express the subgroup J
nvelope. The envelope of one of the ALV-J isolates,
DOL-Hc1, was cloned, and the DNA was sequenced
nd expressed in the DF-1 cell line to create the DF-1/
ZeoHc1env cell line. This expressed envelope protein
hould bind the cells’ viral receptor and selectively inter-
ere with ALV-J infection. The DF-1/pZeoHc1env cell line
nd its parental cell line DF-1 do not express other ALV
roteins and thus the standard gag-specific enzyme-
inked immunosorbent assay (ELISA) can be used to
utomate the receptor interference assay (Smith et al.,
979). To test this system, we identified four serologically
istinct ALV-J strains represented by six different isolates
sing convalescent sera and flow cytometry. These di-
erse ALV-J isolates and the standard ALV-A through E
ubgroups were used to analyze the applicability of this
pproach to selectively interfere with ALV-J isolates. This
eport demonstrates that this approach should be useful
or mass screening and analysis of ALV isolates in the
xperimental and industrial laboratory setting.
RESULTS
olecular comparison of the ADOL-Hc1 pZeoHc1
nd HPRS-103 envelopes
The translated amino acid sequence of the ADOL-Hc1
nvelope is compared to pZeoHc1 and HPRS-103 in Fig.
. The sequence of pZeoHc1 is identical to the sequence
f ADOL-Hc1. The percentage similarity between the
nvelopes of ADOL-Hc1 and HPRS-103 variants (Venugo-
al et al., 1998) is presented in Table 1. Like the poly-
orphisms reported between types of subgroups A and
(Bova et al., 1988), the amino acid substitutions be-
ween HPRS-103 and ADOL-Hcl appear to cluster but are
ot confined to the variable (vr2 and vr3) and host range
hr1 and hr2) regions as defined in other ALV subgroups
Fig. 1). The ADOL-Hc1 polymorphic substitutions disrupt
wo potential N-linked glycosylation sites in HPRS-103
ut create two new sites at adjacent locations. The
emaining 11 potential N-linked glycosylation sites in the
U domain are conserved between the two J serotypes.
lthough there is little overall amino acid homology be-
ween J and A or B (;30%), the location of the potential
-linked glycosylation sites appear highly conserved as
ligned (Bai et al., 1995a). axpression of the pZeoHc1 envelope protein
n DF-1 cells
The DNA representing the signal peptide and coding
egions (SU/TM) of the ADOL-Hc1 virus (pZeoHc1) was
ransfected into the DF-1 cell line. After zeocin selection,
he cells were compared to untransfected and virus in-
ected cells for envelope protein expression. Both the
iral infected and the pZeoHc1 transfected cells (DF-1\J)
trongly express the ADOL-Hc1 envelope displaying
ver 2000 and 1000 mean channels of fluorescence
MCF), respectively (Fig. 2A). The expressed subgroup J
nvelope retains serologic specificity and does not
ross-react with antiserum to RAV-1 (subgroup A, Fig. 2B)
r subgroups B–E (Table 2).
erologic analysis of six ALV-J isolates
Flow cytometry (FC) was used to investigate the sero-
ogic variability between the six isolates of ALV-J used in
his report. The antiserum to Hc1 binds to cells infected
ith ADOL-Hc1 and HPRS-103 but antiserum to HPRS-
03 does not bind cells infected with ADOL-Hc1 (Table
). Using antisera to Hc1 and HPRS-103, four serologi-
ally distinct patterns can be observed in the six ALV-J
solates based on staining intensity. The staining inten-
ity (MCF) of the Hc1 antiserum is low for cells infected
ith ADOL-0661 and 4817 (Hc1L), intermediate for cells
nfected with ADOL-5701, 6803, and HPRS-103 (Hc1I),
nd high for cells infected with ADOL-Hc1 (Hc1H). The
ntiserum to HPRS-103 does not react to cells infected
ith ADOL-0661, 4817, 6803, or Hc1 (HPRS-1032), is of
ow intensity on ADOL-5701 (HPRS-103L), and is of high
ntensity for cells infected with HPRS-103 (HPRS-103H). In
FIG. 1. Amino acid alignments of HPRS-103, the Hc1 envelope used
o produce the DF-1\J cells (ADOL-Hc1), and ADOL-Hc1p7. The align-
ent was done using the CLUSTAW method with dashed lines repre-
enting amino acid homology and spaces representing gaps inserted
or maximal alignment. The host range (hr) and variable (vr) regions are
dentified by horizontal lines above the corresponding sequence; the
otential N-linked glycosylation sites are underlined.ddition, the monoclonal antibody to HPRS-103 recog-
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207A C/J CELL LINEizes ADOL-4817 or 6803 weakly suggesting further vari-
bility between the envelopes of these six isolates. In-
erestingly, antisera to subgroups A (RAV-1) and C (RAV-
9) cross-react with two of the ALV-J isolates, ADOL-5701
nd 6803. ADOL-5701 is notable since it is the only
solate that cross-reacts by FC with four antisera used in
his analysis (anti-RAV-1 (A), RAV-49 (C), ADOL-Hc1, and
PRS-103).
nterference of ALV-J infection in the DF-1\J cell line
Representative viruses of subgroups A–D and six dif-
erent J-like viruses were used to determine the interfer-
nce pattern of the DF-1 and DF-1\J cells (Table 3). The
ix J isolates, as well as subgroups A–D, were equally
apable of infecting DF-1 cells. In contrast, only sub-
roups A–D infected the DF-1\J cells, and the six J iso-
ates were largely blocked from infecting these cells.
ne J isolate, ADOL-5701, is only partially (P 5 0.2)
nhibited from infecting the DF-1\J cells while the other
ive isolates are completely blocked (P 5 0.0001). The
artial inhibition of the ADOL-5701 is repeatable with
F-1\J cells and may be due to the loss or decreased
xpression of the Hc1 envelope in a small subset of the
est cells. However, we have not observed a negative
opulation or a range of Hc1 envelope expression in this
ell line using flow cytometry.
DISCUSSION
Historically, the classification of ALV subgroups was
efined using host range in chickens that differ in sus-
eptibility to infection, patterns of receptor interference,
nd virus neutralization (Crittenden, 1991; Ishizaki and
ogt, 1966; Vogt and Ishizaki, 1965). ALV-J has a broad
ost range and the ability to infect all lines of chickens
ested (Payne et al., 1992). This lack of genetically resis-
ant cells coupled with the variability observed in virus
eutralization tests using immune serum (Venugopal et
T
The Amino Acid Percentage Similarity in gp85 an
HPRS-
X1a X2 X3 X4 X5 X6 X
1.9 92.9 92.5 89.9 90.3 90.6 91
4.4 96.5 96.5 93.9 94.9 94.9 94
Note. Alignments and percentage similarity in gp85 and gp37 were
NASTAR Inc.).
a X1–12 are variants of HPRS-103 published in Venugopal et al., 199l., 1998) makes differential diagnosis of ALV-J from other aubgroups difficult. Viral interference is the most reliable
ethod used for subgroup classification but the tradi-
ional interference assay using RSV pseudotypes is labor
ntensive and not suitable for routine diagnostic work
Vogt and Ishizaki, 1966). The DF-1\J cell line described in
his report has been genetically engineered to be selec-
ively resistant to ALV-J through receptor interference.
he parental cell line is highly susceptible to ALV sub-
roups A through D and J (Himly et al., 1998; Schaefer-
lein et al., 1998) (this paper). Inoculation of DF-1 and
F-1\J cells with field samples will definitively identify
LV-J using the traditional p27 ELISA. Samples contain-
ng only ALV-J will produce a positive p27 response using
he DF-1 cells and a negative p27 response using the
F-1\J cells. Mixed samples containing subgroups other
han J will be positive on both cell types. This ALV-J-
esistant cell line will provide a rapid and reliable method
o screen large numbers of samples using established
echniques.
To generate the resistant cell line, we chose the en-
elope from the ADOL-Hc1 strain of ALV-J. The ADOL-
c1 virus has been biologically cloned from the original
DOL-Hc1 pool obtained from infected broiler breeder
irds (Fadly and Smith, 1999) and provides a uniform
tock virus with which to develop molecular reagents.
nterestingly, our biologically cloned ADOL-Hc1 is much
ifferent from the envelope sequence reported by Ben-
on et al. (1998) isolated from the original Hc1 isolate.
his level of polymorphism may indicate that the original
DOL-Hc1 was a mixture of subgroup J viruses.
The ADOL-Hc1 virus induces immune serum with a
road neutralization range compared to other isolates
uch as HPRS-103. In previous studies, antiserum to Hc1
eutralized all ADOL strains of ALV-J tested as well as
PRS-103 (Fadly and Smith, 1997, 1999; Smith et al.,
998). Unlike antiserum to Hc1, antiserum to HPRS-103 is
ore selective and does not neutralize ADOL strain Hc1
between ADOL-Hc1 and the HPRS-103 Variants
riants
X8 X9 X10 X11 X12 HPRS-103
92.5 90.3 92.5 94.8 90.2 90.9
94.9 96.5 96.0 98.0 94.4 94.9
ted using the default settings of the program MegAlign (version 3.14,ABLE 1
d gp37
103 Va
7
gp85
.6
gp37
.9
calculand only 2 of the 12 HPRS-103 variants (Venugopal et al.,
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208 HUNT ET AL.998). This differential neutralization along with other
ntigenic differences is revealed by the binding pattern
bserved using flow cytometry. Thus the group of viruses
sed in this report are variable with regard to neutraliza-
ion patterns as well as differential intensity using immu-
ofluorescence. The DF-1\J cells were refractory to in-
ection by this serologically diverse group of J viruses but
ot to subgroups A through D. Therefore this system can
e used to easily and reliably classify viral isolates in
ield samples.
MATERIALS AND METHODS
ells, viruses, and antisera
The DF-1 fibroblastic cell line was developed from a
0-day-old Line 0 (EV-0) chick embryo. The line devel-
FIG. 2. Expression of the ADOL-Hc1 envelope using the pZeo3.1
ector in DF-1 cells was analyzed by flow cytometry using ADOL-Hc1
onvalescent antiserum (@Hc1(J) 391) (A) and RAV-1 (subgroup A)
ntiserum (@RAV-1(A)) (B). DF-1 cells infected with ADOL-Hc1 (A) or
AV-1 (B) served as positive controls for antisera reactivity.ped spontaneously from a high-density seeding of fi- uroblasts as described (Himly et al., 1998). Viruses were
ropagated in primary CEFs obtained from 10- to 13-day
mbryonated eggs of the Line 0 chicken strain main-
ained at the Avian Disease and Oncology Laboratory
ADOL; East Lansing, MI). The HPRS-103 strain of ALV-J
nd antiserum and monoclonal antibody to HPRS-103
HPRS-103 and HPRS-103 gp85 mAb) were kindly pro-
ided by Dr. L. N. Payne (Compton, UK). ALV-J strains
DOL-Hc1, ADOL-0661, ADOL-4817, ADOL-5701, and
DOL-6803 were obtained as described (Fadly and
mith, 1997, 1999; Smith et al., 1998). The viral stock of
DOL-Hc1 used in this report was biologically cloned by
even rounds of limiting dilution and is referred to as
DOL-Hc1 (Fadly and Smith, 1997, 1999; Smith et al.,
998). Virus stocks of ALV subgroups A through E (RAV-1,
AV-2, RAV-49, RAV-50, and RAV-0) and antisera to these
ubgroups were produced and maintained at ADOL. An-
iserum to ADOL-Hc1 was produced in either SPAFAS
Hc1 391) or Line 0 (Hc1 Line 0) chickens.
irologic assays
All viruses were used at 104 infectious units per 7.5 3
05 DF-1 or DF-1pZeoHc1 env (see below) cells seeded
nto 35-mm tissue culture dishes. The cells were allowed
o attach for 24 h before triplicate cultures were inocu-
ated with virus. Forty-eight hours after virus inoculation,
he tissue culture medium was removed and fresh me-
ium was added. Two of the triplicate cultures were then
ncubated at 37°C with 5% CO2 for 7 to 10 days and
nalyzed for the group-specific antigen (p27 or gag) by
he p27 ELISA (Fadly and Smith, 1997, 1999; Smith, et al.,
998). Briefly, tissue culture dishes were treated with
ween 80 (0.2% final concentration) and freeze–thawed
wice, and the resulting lysates were assayed using
abbit anti-p27 serum conjugated to horseradish perox-
dase (SPAFAS, Storrs, CT). The samples were analyzed
n a MRX microplate reader (DYNEX, Chantilly, VA). The
hird 35-mm culture was expanded to a 100-mm culture
ish on day 5 and used for flow cytometry on day 7 or 10.
issue culture medium consisted of Leibowitz-McCoy
Gibco BRL, Gaithersburg, MD) supplemented with 10%
etal calf serum (Gibco BRL), 2% tryptose broth (Difco,
etroit, MI), and 5 U/ml penicillin/streptomycin. Flow
ytometry was performed on cells harvested and resus-
ended in phosphate-buffered saline (PBS) supple-
ented with 1% bovine serum albumin and 0.1% sodium
zide (staining medium) at a cell density of 107 per
illiliter. Cells were labeled by incubating 100 ml of cells
106 total) for 20 min with the corresponding convales-
ent antiserum in staining medium at 4°C. The cells
ere washed three times with staining medium and
ncubated with fluoresein isothiocyanate (FITC)-labeled
oat anti-chicken antibody (Bethyl Laboratories, Mont-
omery, TX) for 15 min at 4°C. All primary antisera were
sed at a 1:50 final dilution, and the secondary FITC goat
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209A C/J CELL LINEnti-chicken conjugate was used at a 1:500 final dilution.
ells were again washed three times and resuspended
n staining medium containing 1 mg/ml propidium iodide,
nd 10,000 viable cells were analyzed using a FACSort
nstrument and Cellquest software (Becton Dickinson,
ountain View, CA).
T
Analysis of Antisera Cross
Virus plasmid NCSa
RAV-1
(A)
RAV-2
(B)
RAV-49
(C)
RA
(
one 9 6 5 7
F-1\J 9 7 8 14
DOL 0661 (J) 10 8 11 16
DOL 4817 (J) 23 12 10 22
DOL 5701 (J) 22 296 12 120
DOL 6803 (J) 11 502 11 174
c1 (J) 10 14 10 19
PRS-103 (J) 27 16 9 17
AV-1 (A) 7 1380 22 11
AV-2 (B) 7 9 568 10
AV-49 (C) 8 17 11 511
AV-50 (D) 10 13 721 19 3
Note. Serologic analysis of ALV subgroups A–D and six different isola
nfected with the different ALV subgroups stained with antisera to sub
a NCS is normal chicken sera.
b The HPRS-103 serum and gp85 mAb were a kind gift from Dr. L. N
TABLE 3
The Ability of DF-1\J Cells to Resist ALV-J Infection
nfecting virus
Optical density at 490 l
DF-1 DF-1\J
Averagea Std. Dev.a Average Std. Dev.
o virus 0.002 6 0.00 20.009 6 0.01
DOL-0661 (J) 0.423 6 0.01 0.024 6 0.01
DOL-4817 (J) 0.417 6 0.02 0.010 6 0.01
DOL-5701 (J) 0.434 6 0.02 0.178 6 0.09
DOL-6803 (J) 0.402 6 0.00 0.016 6 0.00
DOL-Hc1 (J) 0.405 6 0.00 0.043 6 0.00
PRS-103 (J) 0.430 6 0.01 0.054 6 0.00
AV-1 (A) 0.419 6 0.00 0.433 6 0.02
AV-2 (B) 0.427 6 0.00 0.423 6 0.04
AV-49 (C) 0.437 6 0.00 0.426 6 0.01
AV-50 (D) 0.426 6 0.01 0.437 6 0.03
AV-0 (E) 0.090 6 0.06 0.019 6 0.00
Note. Infectivity was measured using the standard p27 ELISA assay.
a The average optical density of two independent assays, eachconsisting of duplicate cultures, is given.olecular biology
Total DNA was isolated from infected Line 0 chick
mbryo fibroblasts by the phenol–chloroform method
Maniatis et al., 1982). The pZeoHc1 envelope was am-
lified by polymerase chain reaction (PCR) using the 59
nd 39 oligonucleotide primers 59GGGATCCATGGAAGC-
GTCATAAAGGCATTTCTGACTGG and 59GGGTCGAC-
TACAGCTGCTCCCTAAT, respectively. The 59 oligonu-
leotide primer incorporates a BamHI restriction enzyme
ite and the coding region for the 6-amino-acid signal
equence, which, during normal viral expression, is at-
ached to gp85 by alternate RNA splicing to p27. Stan-
ard PCR conditions consisting of 10 mM Tris–HCl (pH
.3), 50 mM KCl, 1.5 mM MgCl2, 200 mM each dNTP, 1.5
nits of Taq DNA polymerase (Gibco), and a 0.8 mM
oncentration of each primer were cycled with 100–200
g of DNA at 92, 55, and 72°C for 25 cycles. The ampli-
ied product representing the coding sequence for gp85/
p37 was gel-purified, cut with BamHI and SalI restric-
ion enzymes, and cloned into the BamHI and XhoI re-
triction enzyme sites of the pcDNA3.1/Zeo expression
ector (Invitrogen, Carlsbad, CA), thus creating the
ZeoHc1 plasmid. Both strands of the pZeoHc1 gp85
nsert were sequenced on an ABI Model 373A automatic
NA sequencer (Applied Biosystems, Foster City, CA).
The sequence of the ADOL-Hcl envelope was inde-
endently PCR amplified in two separate amplifications
sing the oligonucleotide primers 59-CTTGCTGCCATC-
AGAGGTTACT and 59-AGTTGTCAGGGAATCGAC. A
vity Using Flow Cytometry
Antisera
RAV-0
(E)
Hc1
(J) 391
Hc1
(J) Line 0
HPRS-103
(J)b
HPRS-103
gp85 mAbb
5 6 4 9 11
8 1199 539 14 26
7 320 155 20 53
8 786 183 35 15
10 1729 411 264 69
15 1529 505 17 18
7 2152 1288 15 66
7 1434 624 1233 53
9 170 11 9 9
8 9 10 9 14
16 13 10 8 14
11 14 12 10 14
subgroup J. Mean channel fluorescence of DF-1, DF-1\J, and DF-1 cells
A–E, Hc1, HPRS-103, and the monoclonal antibody to HPRS-103.
and Dr. K. Venugopal.ABLE 2
-Reacti
V-50
D)
6
11
13
33
15
18
25
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groupslone from each PCR was independently DNA se-
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210 HUNT ET AL.uenced and compared. The gp85 genes from both
lones were identical.
Amino acid alignments and sequence distances were
alculated using the default settings of the MegAlign
rogram (version 3.14, DNASTAR Inc., Madison, WI). The
urified pZeoHc1 plasmid was then transfected into DF-1
ells using the calcium precipitation method (Thacker et
l., 1995). Forty-eight hours after transfection, the cells
ere selected with 300 mg/ml of zeocin (Invitrogen). After
weeks of zeocin selection, the resistant cells were
nalyzed by flow cytometry for expression of the
ZeoHc1 envelope. The zeocin-resistant cells were
lonal for the expression of the Hc1 envelope (100%
xpression; see Results) and have since been cultured in
edium without zeocin.
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